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Objectives  were to compare  circulating  progesterone  (P4)  proﬁle  and  pregnancies  per  AI
(P/AI)  of  two  commercial  intravaginal  P4 devices  (PRID-Delta® vs  CIDR®).  In Experiment
1,  ovariectomized  dairy  cows  (PRID-Delta,  n  =  6 vs  CIDR,  n = 6)  were  sampled  throughout  7
days to measure  circulating  P4.  In  Experiment  2 (PRID-Delta,  n  =  399  vs  CIDR,  n =  375),  cows
were  assigned  to  treatments,  as  follows:  D0,  an  intravaginal  P4  device  containing  1.38 g  of
P4 (CIDR)  or  1.55  g  of  P4  (PRID-Delta);  D6:  25  mg  PGF2  (Dinoprost)  and  P4 devices  were
removed  24  h later.  Insemination  was  performed  at 56  h  after  P4  removal.  Cows  visually
detected  in estrus  between  days  18  and  24  after  1st  synchronized  AI were  re-inseminated.
PRID-Delta  produced  greater  circulating  P4  compared  to  CIDR,  particularly  within  4 days
after insertion  (P  <  0.01).  The logistic  regression  analysis  indicated  a  tendency  for  improved
P/AI  at  1st  AI  in PRID-Delta  cows  compared  to  CIDR  (36%  vs  31%, P  =  0.10).  More  cows
were  detected  in estrus  in the  following  cycle  nearly  21  d after 1st  AI when  treated  with
PRID-Delta  (28%  vs  16%),  but P/AI in  the  returning-natural  estrus  breedings  did  not differ
(PRID-Delta  = 56% vs  CIDR  =  55%;  P = 0.91).  As  a result,  ﬁnal  cumulative  P/AI  was greater  in
cows receiving  PRID-Delta  (46%  vs 37%, P  =  0.02).  These  results  indicate  that  PRID-Delta
seem  to maintain  greater  circulating  P4 levels  as  compared  to  CIDR  in  non-lactating  dairy
cows.  This  might  explain  potential  beneﬁts  in  fertility  of  dairy  cows  found  in  Experiment
2.  Underlying  physiological  consequence  of greater  circulating  P4  during  synchronization
programs  in  lactating  cows  in terms  of oocyte  quality  and  other  reproductive  structures
warrants  further  investigation.
© 2013 Elsevier B.V. 
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1. Introduction
Systematic reproductive manipulation of the estrous
cycle using exogenous compounds such as progesterone
and gonadotropins to mimic  physiological levels of nat-
urally occurring hormones are routinely used in dairy
herds world-wide. These hormonal interventions normally
improve fertility performance and decrease proportion of
animals culled at the end of lactation due to reproductive
failure.
Intravaginal P4 devices are commonly used during these
systematic reproductive routines due to its proven efﬁ-
cacy to treat anovular cows (Gümen and Wiltbank, 2005;
Walsh et al., 2007a; Cerri et al., 2009a) and to reduce
amount of cows or heifers showing premature estruses
during the timed AI protocol (DeJarnette et al., 2001; Kim
et al., 2003; Rivera et al., 2004), with consequent improve-
ments in reproductive performance both in cycling and
non-cycling cows treated with different P4 devices com-
pared to controls (Walsh et al., 2007a,b; Chebel et al., 2010).
For instance, Gümen and Wiltbank (2005) have elegantly
shown that the hypothalamus of lactating cows need to be
exposed to at least 3–5 days of P4 in order to be responsive
to estradiol (E2) followed by normal E2-induced LH peak
release and ovulation. Thus, the physiological mechanism
blocking anovular cows from responding to high estrogen
levels with an LH peak is likely related to lower expression
of estrogen receptors in the hypothalamus, and apparently
P4 can successfully increase the numbers of these E2 recep-
tors in the brain (Gümen and Wiltbank, 2005).
Progesterone may  also have an important role at oocyte
level to improve fertility of lactating cows. For instance,
different research groups have recently described a posi-
tive relationship between greater circulating levels of P4
during follicular growth and embryo quality (Rivera et al.,
2011; Wiltbank et al., 2011b; Denicol et al., 2012). The exact
mechanism by which P4 improves embryo quality is not
completely known but it may  be related to lessen expo-
sure of the developing oocyte to LH, avoiding its premature
maturation (Revah and Butler, 1996; Cerri et al., 2009b).
Therefore, intravaginal devices containing P4 and other
combinations of hormones used in pre-synchronization
schemes should be strategically used to target greater lev-
els of P4 during synchronization routines, particularly in
high producing dairy cows that seem to present elevated
dry matter intakes and greater clearance of steroids in liver
(Sangsritavong et al., 2002; Wiltbank et al., 2008).Therefore, the objectives of this study were to compare
circulating P4 levels after treating dairy cows with two
commercially available and commonly used intravaginal
P4 devices (Experiment 1; P4 proﬁle), and also to assess . .  .  . .  . . . . .  . .  . . .  .  . . . . . . .  . .  . . . .  .  . . .  .  . . . . . . .  .  . . . . . .  . . .  . . . .  .  . . .  . . . .  . 148
pregnancies per AI (Experiment 2; ﬁeld fertility study) in
lactating dairy cows synchronized with these two  types of
intravaginal P4 devices.
2. Materials and methods
2.1. Animal handling and experimental design
During experimental periods, all animals enrolled in
Experiments 1 and 2 were handled and treated accord-
ing to animal care guidelines as recommended by Utrecht
University.
2.1.1. Experiment 1: progesterone proﬁle
Cows were housed in individual tie-stalls during May
and June of 2008. Ovariectomized non-lactating Holstein
cows, enrolled in the trial at 90–120 days post ovariectomy,
were used in a cross-over design (PRID-Delta, n = 6 vs CIDR,
n = 6). PRID-Delta and CIDR are commercially available
intravaginal P4 devices with their own  unique features.
PRID-Delta has a triangular shape, while CIDR is a T-shape
device. Surface area and progesterone content between the
two  devices used herein is also different (CIDR ∼ 120 cm2
and 1.38 g of P4 vs PRID-Delta ∼ 155 cm2 and 1.55 g of P4).
Blood samples were collected throughout 7 days (at 0 h,
1 h, 3 h, 6 h, 9 h, and then every 12 h until D7, and at 1 h and
2 h after device removal) to measure circulating P4. Blood
samples were collected via venipuncture of the median
caudal vein or artery using evacuated tubes (Becton Dick-
inson, Franklin Lakes, NJ). The samples were centrifuged
(3000 × g for 20 min), and serum was harvested and stored
at −20 ◦C until assayed. Cows had water ad libitum and
were fed a TMR  that was  based on hay, corn silage, and
alfalfa silage as forage supplemented with concentrates of
corn and soybean meal. The TMR  was balanced to meet
or exceed minimum nutritional requirements for lactat-
ing dairy cows (NRC, 2001). Because dry matter intake can
inﬂuence circulating P4 (Sangsritavong et al., 2002), blood
samples were collected in the mornings just before ﬁrst
morning-feeding.
2.1.2. Experiment 2: ﬁeld fertility comparison –
pregnancies per AI (P/AI)
Cows were housed in multiple dairies (n = 147) in
The Netherlands. Inseminations occurred from March
of 2010 to July of 2011. Multiple sires were used and
balanced within herd to the two experimental groups.
Study inclusion criteria consisted of healthy lactating cows
based on a veterinarian exam on and body condition score
in a scale from 1 to 5 (Ferguson et al., 1994) performed
10 days before P4 device insertion. Milk samplings were
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or P4. Only cows not previously detected in estrus in
urrent lactation were enrolled; days in milk ranging from
0 to 165; and lactation number from 1 to 5. A minimum
umber of at least 4 treated cows per herd was  a further
equirement. Out of 824 initially enrolled cows, 50 animals
22 in CIDR group and 28 in PRID-Delta group) had to be
xcluded from the ﬁnal analysis due to premature estrus
xpression, failure in compliance with all hormonal treat-
ents, or missing pregnancy outcomes. Thus, 774 cows
ere available for analysis and assigned within farm to two
reatments in a complete randomized design, as follows:
n D0 cows received an intravaginal P4 device contain-
ng 1.38 g of progesterone (n = 375; CIDR, Pﬁzer-Animal
ealth, USA) or an intravaginal device containing 1.55 g of
rogesterone (n = 399; PRID-Delta, CEVA-Santé Animale,
rance). Six days after device insertion cows were treated
ith 25 mg  PGF2 (Enzaprost, Dinoprost tromethamine,
EVA-Santé Animale, France) and 24 h later the P4 device
as removed. Insemination was performed regardless of
ehavioral estrus at 56 h after P4 device removal. Preg-
ancy diagnosis by ultrasound occurred 30–40 days after
I (experimental design shown in Fig. 1). Cows were visu-
lly detected in estrus twice a day for signs of mounting
ctivity by herdmates between days 18 and 24 after the
st synchronized AI (deﬁned as return estrus) and were
nseminated 12 h after visual detection of ﬁrst mounting
cceptance.
.2. Hormonal assay
In Experiment 1, blood progesterone for P4 analy-
is was performed using a solid-phase, no-extraction
adioimmunoassay (Coat-a-Count Progesterone, Diagnos-
ic Products Corporation, Los Angeles, CA). An inter-assay
oefﬁcient of variation for the quality control sample was
.2%. In Experiment 2, milk progesterone analysis had a
oefﬁcient of variation of 9.7%. It was measured accord-
ng to Opsomer et al. (2000), also using the cut-off value
f 15 ng/mL to classify cows as in anestrus as suggested by
psomer et al. (2000).DRs used in the current study had approximately 120 cm2 of surface area
2.3. Statistical analysis
In Experiment 1, P4 concentration in blood was  nor-
mally distributed and no data transformation was  needed.
The repeated-measures analysis was performed using the
procedure MIXED of SAS (Littell et al., 1996). The cross-over
model included the effects of replicate, treatment, samp-
ling time, the interaction between treatment and time, and
cow, which was treated as a random effect and was the sub-
ject for the repeated measures. The area under the curve for
all treatments was calculated by the trapezoid method and
analyzed using the procedure MIXED of SAS.
In Experiment 2, a binomial distribution was assumed
for binary response variables such as pregnancy per AI
(P/AI) after the 1st and 2nd breedings and analyzed using
the procedure GLIMMIX of SAS (SAS/STAT version 9.3, SAS
Institute Inc., Cary, NC). The initial model considered the
effects of type of progesterone device treatment (class),
cyclicity status on D0 (class: anestrus or cyclic), lactation
number (class: 1st, 2nd, or later lactations), AI technician
(class), BCS (continuous), DIM at breeding (continuous),Fig. 2. Serum progesterone (P4) concentration in ovariectomized Holstein
cows treated with two types of P4 intravaginal releasing device (PRID-
Delta = dark circles vs CIDR = open circles). AUC = area under the curve of
P4 release (P < 0.05). Cows n = 6/group in a cross-over design. Asterisk (*)
indicates signiﬁcant differences at P < 0.05.
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index from proc GLIMMIX. Therefore, variables and one-
way interactions kept in the ﬁnal models for Experiment
2 were treatment, lactation number, interaction between
treatment and lactation number, and DIM at breeding. Cow
and farm were included in all models as random effects. The
logit link was used for the analyses of these binary variables
and the resulting values were converted back to proba-
bilities by the formula P = 1/(1 + e−(b0+b1X1+b2X2+···+biXi))
using the ilink option in the GLIMMIX procedure of SAS.
Pregnancies per AI were analyzed in relation to continuous
variables such as BCS and circulating P4 on D0 by using the
Interactive Data Analysis feature in SAS 9.3. A probability
of P < 0.05 was  considered to be signiﬁcant, and probabili-
ties between 0.05 and 0.10 were discussed as tendencies. In
Experiment 2, cows that lost their intravaginal device dur-
ing the synchronization period (PRID-Delta, n = 2 or 0.5%;
CIDR, n = 2 or 0.5%; P > 0.10) were excluded from all ﬁnal
regression models for ﬁeld fertility comparisons.
3. Results
3.1. Circulating progesterone proﬁle (Experiment 1)
The ﬁnal circulating progesterone proﬁle comparison
between PRID-Delta and CIDR is shown in Fig. 2. For both
types of intravaginal P4 devices circulating P4 seem to
increase very rapidly to approximately 4–5 ng/mL in a few
hours after device insertion. Then, circulating P4 decreases
at a steady rate until device removal 7 days later (Fig. 2).
PRID-Delta produced signiﬁcantly greater circulating P4
peak compared to CIDR. In addition, P4 concentrations
were greater for PRID-Delta starting on the same day of
device insertion until day 4. However, there was no interac-
tion between type of device and time in terms of circulating
P4. As a result, area under the curve (AUC) of circulating
P4 was greater when cows received PRID-Delta compared
to CIDR treated cows (653 ng/mL vs 583 ng/mL × time,
P < 0.05).
3.2. Field fertility study (Experiment 2)
Because treatments were randomly assigned within
farm, the descriptive statistics conﬁrmed no signiﬁcant dif-
ferences between experimental groups in terms of days
in milk at enrollment (98.5 ± 0.9), BCS (2.76 ± 0.02), par-
ity number (2.14 ± 0.03), or proportion of cycling cows
(16.0 ± 0.01%) at the beginning of the synchronization
program. Body condition score, cyclicity status before syn-
chronization, and their interactions with treatments did
not seem to inﬂuence (P > 0.20) conception results in the 1st
postpartum-synchronized breeding, proportion of cows
returning in estrus 18 to 24 d later after 1st AI, or con-
ception at the following AI and were excluded from ﬁnal
logistic regression models in Experiment 2.
The effect of type of intravaginal P4 device on P/AI for 1st
postpartum AI is shown in Fig. 3. The one-sided hypothesis
that PRID-Delta would increase P/AI compared to CIDR was
based on the rationale that PRID-Delta maintained greater
circulating P4 in blood during the synchronization proto-
col when compared to CIDR (results from Experiment 1).
Therefore, PRID-Delta tended (P = 0.10) to produce greaterP = 0.10 based on a one-sided comparison based on previous knowl-
edge that PRID-Delta maintained greater circulating P4 compared to CIDR
(Experiment 1).
P/AI at 1st AI when compared to CIDR (Fig. 4). Further
analysis indicated that there was  no signiﬁcant interaction
between type of P4 device and lactation number on P/AI
after the 1st AI, as shown in Fig. 4. Moreover, when P/AI
results were independently compared within each lacta-
tion group, there were no signiﬁcant differences in P/AI
between PRID-Delta and CIDR after the 1st AI (within-
lactation group P-values indicated in Fig. 4 above the bars).
Milk progesterone concentration on the day of device
insertion had a major (P < 0.01) effect on P/AI (Fig. 5). The
logistic regression lines in Fig. 5 show that P/AI increased
linearly as P4 concentration in milk increased at the time
of device insertion. In addition, this linear increase in fertil-Fig. 4. Pregnancy per AI (P/AI) after the 1st AI in lactating Holstein cows
treated with PRID-Delta or CIDR according to parity number. Within-
lactation group P-values indicated above the bars. Interaction between
type of P4 device and lactation number was  not signiﬁcant (P > 0.10).
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PRID-Delta = 55.9% vs CIDR = 54.7%; P > 0.10).
As a result of the tendency in improved conception to
st synchronized postpartum AI and greater percentage of
ows detected in estrus in returning breedings 21 d after
st AI, the cumulative proportion of pregnant cows after
st synchronized AI in addition to return estrus-AI was sig-
iﬁcantly greater in cows that received PRID-Delta than in
ows receiving CIDR at 1st synchronized AI (Fig. 6).
Type of intravaginal progeste rone device
PRID-Delta CIDR
C
u
m
u
la
ti
v
e 
 p
ro
p
o
rt
io
n
 o
f 
p
re
g
n
a
n
t 
co
w
s 
(%
)
0
10
20
30
40
50
45.9%
37.0%
n = 399
n = 375
P = 0.02
ig. 6. Cumulative proportion of pregnant cows after the 1st synchronized
I  in addition to cows conceiving to the AI after visually detected estruses
hat  happened 18–24 days after 1st AI in lactating Holstein cows treated
ith PRID-Delta or CIDR.on Science 138 (2013) 143– 149 147
4. Discussion
The ﬁndings in Experiment 1 using ovariectomized dry
cows indicated signiﬁcant differences of circulating P4
concentrations between PRID-Delta and CIDR. This dif-
ference was approximately 1 ng/mL and happening in
the ﬁrst 4 days after device insertion. Different levels of
progesterone content (CIDR = 1.38 g vs PRID-Delta = 1.55 g)
or differences in contact surface area (CIDR ∼ 120 cm2
vs PRID-Delta ∼ 155 cm2) of differing intravaginal proges-
terone devices might contribute to circulating P4 in cattle
receiving intravaginal P4 treatment (Rathbone et al., 1998,
2001, 2002). In fact, when comparing the surface area of
the two types of intravaginal devices used in the current
trial, PRID-Delta has approximately 30% more surface-
release area than CIDR. Additionally, because the shape
of the two  intravaginal devices used in the current trial
differ greatly (PRID-Delta = triangle-like vs CIDR = T-shape),
it may  affect its positioning inside of the vagina and
probably inﬂuencing the amount of surface area of these
devices in direct contact with the vagina wall. Greater con-
tact area of intravaginal P4 devices has been previously
described to affect rate of progesterone release (Rathbone
et al., 2002). Another important aspect that may  have
an important impact on the rate of diffusion of P4 from
intravaginal devices to bloodstream might be associated
to the type of outer layer material used (CIDR = silicone vs
PRID-Delta = ethyl vinyl acetate). Therefore, more compre-
hensive studies are needed to elucidate possible differences
on the pattern of P4 release between silicone and ethyl
vinyl acetate-based devices, taking into account possible
differences in surface area and the positioning of these
devices inside the vagina of cattle.
Although circulating progesterone was  not measured
during P4 insert period in Experiment 2, by using the
threshold of 15 ng/mL (Opsomer et al., 2000) we  can
assume that most animals had low P4 during the syn-
chronization period and thus few amounts of endogenous
P4 were released in bloodstream. In addition, Lima et al.
(2009), studying the impact of supplemental progesterone
in lactating dairy cows undergoing a synchronization treat-
ment for timed AI, found no interactions of cyclicity status
with exogenous P4 supplementation and level of circulat-
ing P4 on the day of P4 insert. Furthermore, Lima et al.
(2009) concluded that intravaginal P4 devices can increase
circulating P4 regardless of presence of an active CL during
the synchronization program. Thus, it seems logical that
progesterone devices will increase circulating P4 at some
extent regardless of cyclicity status when used in combi-
nation to synchronization programs. However, because no
milk or blood P4 measurements were performed during
the use of CIDR or PRID in Experiment 2, it is hard to draw
ﬁnal conclusions on possible differences in circulating P4
between the two  types of P4 devices during the ﬁeld fertil-
ity test. In addition, future trials need to take into account
level of milk production and consequent different amounts
of dry matter intake; which in turn will affect overall cir-
culating P4 in lactating cows (Sangsritavong et al., 2002;
Wiltbank et al., 2006).
Greater circulating progesterone during follicular
growth has been linked to improved embryo quality and
producti148 T. van Werven et al. / Animal Re
greater conception results (Walsh et al., 2007b; Lima et al.,
2009; Bisinotto et al., 2010; Bisinotto and Santos, 2011;
Rivera et al., 2011; Wiltbank et al., 2011a,b; Denicol et al.,
2012), either in anovular (Walsh et al., 2007a) or cycling
cows (Chebel et al., 2010). Greater circulating progesterone
is likely acting through different mechanisms to improve
fertility at oocyte–embryo level, uterus and endometrium,
or altering sensitivity of hypothalamus–hypophysis–gonad
axis as reviewed elsewhere (Gümen et al., 2002; Gümen
and Wiltbank, 2005; Cerri et al., 2011a,b; Souza et al., 2011).
Exogenous progesterone can successfully induce cyclic-
ity in anovular dairy cows (Gümen and Wiltbank, 2005;
Walsh et al., 2007a,b; Cerri et al., 2009a). Thus, regardless
of the large proportion of anestrus cows (overall, 84.0%;
PRID-Delta = 84.5% vs CIDR = 83.5%) based on milk P4 that
were enrolled in Experiment 2, conception results seem
very acceptable for both types of P4 devices used. More
importantly, no interactions between cyclicity status and
type of device have been found in the current trial as shown
in Fig. 5. The logistic regression analysis also indicated that
milk P4 collected just before enrolling cows to the syn-
chronization program was a surprisingly good predictor
for conception outcomes after synchronization; and based
on the results in Fig. 5, this effect seem to be indepen-
dent of the type of intravaginal P4 device used. This is in
agreement with previous reports using blood sampling to
measure proportion of cows with high P4 at initiation of
synchronization programs (Lima et al., 2009). Future efforts
to add daily milk P4 records into milking machine systems
will doubtlessly have a profound impact on reproductive
management at farm level.
After this 1st postpartum AI, cows were observed for
estrus activity and inseminated in the returning breed-
ing cycle 18–24 d after previous synchronized AI. Overall,
lower than expected numbers of cows were observed in
estrus approximately 21 d after previous synchronized AI
(21.0%, 109/518). Eventually, poor estrus detection efﬁ-
ciency by itself, large proportion of anovular cows, which
might have altered normal estrous cycle length through
greater incidence of short-cycles or even extended cycles
due to embryo mortality (Lopez et al., 2004; Santos et al.,
2009; Cerri et al., 2011a); all together, lowering proportion
of cows returning in estrus at normal intervals. Despite of
that, a signiﬁcantly greater proportion of cows treated with
PRID-Delta were detected in estrus 18–24 days after the 1st
synchronized postpartum AI as compared to CIDR-treated
animals. This ﬁnding was rather surprising and further
trials using more precise estrus detection systems rather
than only twice-day visual detection, and testing more
accurately the impact of circulating P4 during the synchro-
nization period on the proportion of cows having normal
(i.e. 18–24 d) subsequent estrous cycles. In spite of that,
recent studies speciﬁcally designed to test this hypothesis
in lactating dairy cows randomized in treatments with high
or low circulating P4 during an Ovsynch-like protocol found
that cows with lower P4 during synchronization had sig-
niﬁcantly more short-cycles than cows with high P4 (Cerri
et al., 2011a). The results of this trial done by Cerri et al.
(2011a) may  shed some light in the possible differing phys-
iological effects of having greater or lower circulating P4
in during timed AI procedures in lactating dairy cows andon Science 138 (2013) 143– 149
possible reductions in incidence of short-cycles. Cerri
reported a 25% incidence of short-cycles when cows
had P4 around 1 ng/mL during synchronization and this
incidence was dramatically reduced when increased to
concentrations above 4 ng/mL. In the current trial, although
circulating P4 during the synchronization period was  not
measured in Experiment 2, it might be possible that PRID-
Delta maintained a greater percentage of cows with P4
levels just above the threshold in circulating P4, reduc-
ing the proportion of short cycles (Cerri et al., 2011a),
or yielding improved oocyte quality (Bisinotto et al.,
2010; Wiltbank et al., 2011a). This hypothesis needs to
be conﬁrmed in more comprehensive studies with pre-
cise evaluations of circulating P4 during synchronization
period.
Although conception results in cows detected in estrus
subsequently to 1st synchronized breeding were not inﬂu-
enced by type of intravaginal device used at the 1st AI,
the cumulative proportion of pregnant cows that conceived
after 1st postpartum AI plus cows that conceived after nat-
ural estrus breedings 18–24 d following 1st synchronized
AI was greater in cows treated with PRID-Delta at 1st AI.
This was  mainly due to the tendency for greater concep-
tion at 1st postpartum AI and increased proportion of cows
returning in estrus 18–24 d later in PRID-Delta group.
5. Conclusion
In conclusion, PRID-Delta maintained greater circu-
lating P4 in ovariectomized cows as compared to cows
receiving CIDR (Experiment 1). The tendency for increased
conception results to synchronized breedings and greater
proportion of pregnant cows after the ﬁrst breeding cycle
after timed AI found in cows treated with PRID-Delta
(Experiment 2) might be related to greater circulating P4
during the synchronization program. Milk P4 seemed to
be a valuable tool to predict fertility in cows receiving
timed AI. Thus, milk P4 information if incorporated in milk-
ing machine systems could be of extremely importance to
enhance reproductive efﬁciency in dairy herds world-wide.
Acknowledgments
We would like to thank all participating herds and staff
for their commitment and support throughout this study.
References
Bisinotto, R.S., Chebel, R.C., Santos, J.E.P., 2010. Follicular wave of the ovu-
latory follicle and not cyclic status inﬂuences fertility of dairy cows. J.
Dairy Sci. 93, 3578–3587.
Bisinotto, R.S., Santos, J.E.P., 2011. The use of endocrine treatments to
improve pregnancy rates in cattle. Reprod. Fertil. Dev. 24, 258–266.
Cerri, R.L.A., Chebel, R.C., Rivera, F., Narciso, C.D., Oliveira, R.A., Amstalden,
M.,  Baez-Sandoval, G.M., Oliveira, L.J., Thatcher, W.W.,  Santos, J.E.P.,
2011a. Concentration of progesterone during the development of the
ovulatory follicle: II. Ovarian and uterine responses. J. Dairy Sci. 94,
3352–3365.
Cerri, R.L.A., Chebel, R.C., Rivera, F., Narciso, C.D., Oliveira, R.A., Thatcher,
W.W.,  Santos, J.E.P., 2011b. Concentration of progesterone during
the  development of the ovulatory follicle: I. Ovarian and embryonic
responses. J. Dairy Sci. 94, 3342–3351.
Cerri, R.L.A., Rutigliano, H.M., Bruno, R.G.S., Santos, J.E.P., 2009a. Pro-
gesterone concentration, follicular development and induction of
producti
C
C
D
D
F
G
G
K
L
L
N
O
R
RT. van Werven et al. / Animal Re
cyclicity in dairy cows receiving intravaginal progesterone inserts.
Anim. Reprod. Sci. 110, 56–70.
erri, R.L.A., Rutigliano, H.M., Chebel, R.C., Santos, J.E.P., 2009b. Period
of  dominance of the ovulatory follicle inﬂuences embryo quality in
lactating dairy cows. Reproduction 137, 813–823.
hebel, R.C., Al-Hassan, M.J., Fricke, P.M., Santos, J.E.P., Lima, J.R., Mar-
tel, C.A., Stevenson, J.S., Garcia, R., Ax, R.L., 2010. Supplementation of
progesterone via controlled internal drug release inserts during ovu-
lation synchronization protocols in lactating dairy cows. J. Dairy Sci.
93, 922–931.
eJarnette, J.M., Salverson, R.R., Marshall, C.E., 2001. Incidence of prema-
ture estrus in lactating dairy cows and conception rates to standing
estrus or ﬁxed-time inseminations after synchronization using GnRH
and PGF2. Anim. Reprod. Sci. 67, 27–35.
enicol, A.C., Lopes Jr., G., Mendonc¸ a, L.G.D., Rivera, F.A., Guagnini, F.,
Perez, R.V., Lima, J.R., Bruno, R.G.S., Santos, J.E.P., Chebel, R.C., 2012.
Low progesterone concentration during the development of the ﬁrst
follicular wave reduces pregnancy per insemination of lactating dairy
cows. J. Dairy Sci. 95, 1794–1806.
erguson, J.D., Galligan, D.T., Thomsen, N., 1994. Principal descriptors of
body condition score in Holstein cows. J. Dairy Sci. 77, 2695–2703.
ümen, A., Sartori, R., Costa, F.M.J., Wiltbank, M.C., 2002. A GnRH/LH surge
without subsequent progesterone exposure can induce development
of follicular cysts. J. Dairy Sci. 85, 43–50.
ümen, A., Wiltbank, M.C., 2005. Length of progesterone exposure needed
to resolve large follicle anovular condition in dairy cows. Theriogenol-
ogy 63, 202–218.
im, I.-H., Suh, G.-H., Son, D.-S., 2003. A progesterone-based timed AI
protocol more effectively prevents premature estrus and incomplete
luteal regression than an Ovsynch protocol in lactating Holstein cows.
Theriogenology 60, 809–817.
ima, J.R., Rivera, F.A., Narciso, C.D., Oliveira, R., Chebel, R.C., Santos, J.E.P.,
2009. Effect of increasing amounts of supplemental progesterone in
a  timed artiﬁcial insemination protocol on fertility of lactating dairy
cows. J. Dairy Sci. 92, 5436–5446.
opez, H., Satter, L.D., Wiltbank, M.C., 2004. Relationship between level of
milk production and estrous behavior of lactating dairy cows. Anim.
Reprod. Sci. 81, 209–223.
RC, 2001. Nutrient requirements of dairy cattle, 7th rev. ed. National
Academic Science, Washington, DC.
psomer, G., Gröhn, Y.T., Hertl, J., Coryn, M., Deluyker, H., de Kruif, A., 2000.
Risk  factors for post partum ovarian dysfunction in high producing
dairy cows in Belgium: a ﬁeld study. Theriogenology 53, 841–857.
athbone, M.J., Bunt, C.R., Ogle, C.R., Burggraaf, S., Macmillan, K.L., Burke,
C.R., Pickering, K.L., 2002. Reengineering of a commercially available
bovine intravaginal insert (CIDR insert) containing progesterone. J.
Control. Release 85, 105–115.
athbone, M.J., Kinder, J.E., Fike, K., Kojima, F., Clopton, D., Ogle, C.R., Bunt,
R.C., 2001. Recent advances in bovine reproductive endocrinology and
physiology and their impact on drug delivery system design for the
control of the estrous cycle in cattle. Adv. Drug Deliv. Rev. 50, 277–320.on Science 138 (2013) 143– 149 149
Rathbone, M.J., Macmillan, K.L., Inskeep, K., Shane, B., Bunt, C.R., 1998.
Fertility regulation in cattle. J. Control. Release 54, 117–148.
Revah, I., Butler, W.R., 1996. Prolonged dominance of follicles and reduced
viability of bovine oocytes. J. Reprod. Fertil. 106, 39–47.
Rivera, F.A., Mendonc¸ a, L.G.D., Lopes, G., Santos, J.E.P., Perez, R.V.,
Amstalden, M., Correa-Calderón, A., Chebel, R.C., 2011. Reduced
progesterone concentration during growth of the ﬁrst follicular
wave affects embryo quality but has no effect on embryo sur-
vival post transfer in lactating dairy cows. Reproduction 141,
333–342.
Rivera, H., Lopez, H., Fricke, P.M., 2004. Fertility of Holstein dairy heifers
after synchronization of ovulation and timed AI or AI after removed
tail chalk. J. Dairy Sci. 87, 2051–2061.
Sangsritavong, S., Combs, D.K., Sartori, R., Armentano, L.E., Wiltbank, M.C.,
2002. High feed intake increases liver blood ﬂow and metabolism
of  progesterone and estradiol-17 in dairy cattle. J. Dairy Sci. 85,
2831–2842.
Santos, J.E.P., Rutigliano, H.M., Filho, M.F.S., 2009. Risk factors for resump-
tion of postpartum estrous cycles and embryonic survival in lactating
dairy cows. Anim. Reprod. Sci. 110, 207–221.
Souza, A.H., Silva, E.P.B., Cunha, A.P., Gumen, A., Ayres, H., Brusveen, D.J.,
Guenther, J.N., Wiltbank, M.C., 2011. Ultrasonographic evaluation of
endometrial thickness near timed AI as a predictor of fertility in high-
producing dairy cows. Theriogenology 75, 722–733.
Walsh, R.B., LeBlanc, S.J., Dufﬁeld, T.D., Kelton, D.F., Walton, J.S., Leslie,
K.E., 2007a. Synchronization of estrus and pregnancy risk in anestrous
dairy cows after treatment with a progesterone-releasing intravaginal
device. J. Dairy Sci. 90, 1139–1148.
Walsh, R.B., LeBlanc, S.J., Dufﬁeld, T.F., Kelton, D.F., Walton, J.S., Leslie,
K.E., 2007b. The effect of a progesterone releasing intravaginal
device (PRID) on pregnancy risk to ﬁxed-time insemination follow-
ing diagnosis of non-pregnancy in dairy cows. Theriogenology 67,
948–956.
Wiltbank, M.,  Lopez, H., Sartori, R., Sangsritavong, S., Gümen, A., 2006.
Changes in reproductive physiology of lactating dairy cows due to
elevated steroid metabolism. Theriogenology 65, 17–29.
Wiltbank, M.C., Carvalho, P.D., Kaskin, A., Hackbart, K.S., Meschiatti, M.A.,
Bastos, M.R., Guenther, J.N., Nascimento, A.B., Herlihy, M.M.,  Amund-
son, M.C., Souza, A.H., 2011a. Effect of Progesterone Concentration
During Follicle Development on Subsequent Ovulation, Fertilization,
and Early Embryo Development in Lactating Dairy Cows. SSR – Society
for the Study of Reproduction Society for the Study of Reproduction,
Portland, Oregon, p. 1.
Wiltbank, M.C., Cunha, A.P., Souza, A.H., Lopez, H., Sartori, R., Gumen,
A., Piccinato, C., Sangsritavong, S., 2008. Mechanisms underlying the
effect of milk production on duration of estrus and other reproductive
traits in lactating dairy cows. Reprod. Domest. Anim. 43, 20.
Wiltbank, M.C., Souza, A.H., Carvalho, P.D., Bender, R.W., Nascimento, A.B.,
2011b. Improving fertility to timed artiﬁcial insemination by manip-
ulation of circulating progesterone concentrations in lactating dairy
cattle. Reprod. Fertil. Dev. 24, 238–243.
